However, NMDARs are also highly permeable to Ca 2ϩ influx is crucial for several forms of synaptic plasticity (Mayer and Westbrook, 1987) . Granule cell bodies exincluding long-term potentiation and depression (Mapress high levels of the high-conductance Ca 2ϩ -actilenka and Nicoll, 1993). It is unclear, however, if Ca 2ϩ vated K ϩ channel slo (also termed maxi-K and BK chaninflux through NMDARs can directly alter neuronal excitnel) (Egan et al., 1993; Knaus et al., 1996) . We next ability.
considered the possibility that the hyperpolarizing curCa 2ϩ -activated K ϩ channels play an important role in rent was mediated by Ca 2ϩ influx through NMDARs coushaping neuronal function in a wide variety of central neupled to BK channel activation. Consistent with this hyrons (McManus, 1991; Sah, 1996) . In particular, Ca 2ϩ -pothesis, bath application of low concentrations of the activated K ϩ channels underlie the fast and slow after-K ϩ channel blocker tetraethylammonium (Hille, 1992) hyperpolarizations triggered by action potentials (Sah, (TEA, 0.5-2 mM) reversibly inhibited the glutamate-1996). Typically, voltage-gated Ca 2ϩ channels are the evoked outward current ( Figures 1B and 1C To confirm the nature of the channels underlying the outward activt test, n ϭ 7). On average, the current at 0 mV began with a delay of 11.4 Ϯ 5.4 ms compared to the response ity at 0 mV, we applied iberiotoxin to the external solution. Iberiotoxin (200 nM) blocked the glutamate-evoked at Ϫ65 mV. However, the latencies of the currents at the two potentials were not significantly different (p ϭ channels at 0 mV but did not affect the inward channel openings mediated directly by NMDARs at Ϫ65 mV (Fig-0.08, n ϭ 7) . The similar kinetics of the responses suggest that the currents at both potentials are governed ure 5A, n ϭ 5). After BK channels were inhibited, depolarization from 0 to ϩ40 mV revealed glutamate-evoked by a common mechanism. In agreement with this hypothesis, 7-Chlkyn (50 M) blocked reversibly the chan-NMDAR currents that were entirely blocked by APV or 7-Chlkyn (data not shown). Paxilline (5-10 M) had idennel activity at both Ϫ65 and 0 mV (n ϭ 8; Figure 4B ). This finding indicates that NMDARs are required for channel tical effects on the glutamate-evoked channel events at Ϫ65 and 0 mV (n ϭ 4; data not shown). Removing openings at both membrane potentials.
There is no net driving force for NMDAR current at 0 extracellular Ca 2ϩ also abolished the outward channel openings at 0 mV (n ϭ 4; Figure 5B ). At the same time, mV (the reversal potential for the current in physiological solution), making it unlikely that the large amplitude sinthe low Ca 2ϩ external solution facilitated NMDAR current at Ϫ65 mV, consistent with the channel blocking action gle channel events reflect current flow directly through NMDAR channels. However, the driving force for Ca 
cells via the coupling of NMDARs to BK channels? To
The strong dependence of the slow IPSC on the number of stimuli suggested that high concentrations of address this question, we stimulated mitral cell axons that make glutamatergic synapses onto the dendritic glutamate were required to generate the inhibitory response. Indeed, the lack of a slow IPSC in response to spines of granule cells in the granule cell layer (Shepherd and Greer, 1998). Brief trains of stimuli (50 Hz, 10-40 one or a few stimuli that evoke EPSCs mediated by AMPA and NMDARs also suggests that NMDARs are pulses) evoked excitatory postsynaptic currents (EPSCs) at hyperpolarized potentials (Ϫ60 to Ϫ80 mV, Figure 6A ) not coupled to BK channels on spine synapses. One possibility is that NMDARs coupled to BK channels octhat were abolished by the AMPAR antagonist 1,2,3,4-tetrahydro-6-2,3-dioxobenzo{f}quinoxaline-7-sulfonamide cur at extrasynaptic locations. IPSC by glutamate uptake mechanisms suggests that IPSC occurs at a site that is distant from synaptic conthe coupling of NMDARs and BK channels occurs at an tacts. Thus, the slow IPSC is mediated by extrasynaptic extrasynaptic location ( Figure 8B) (Shepherd and Greer, 1998); however, we cannot exclude a contribution of glutamatergic fibers from other
